Studies of isolated intact spinach (Spinacia oleracea L.) chloroplasts reveal that most of the available sulfhydryl groups are associated with stromal protein as opposed to a thylakoid membrane fraction under nondenaturing conditions. Increases in sulfhydryl content of approximately 50% occurred with illumination and could be correlated kineticaily with a reductive activation of fructose-1,6-bisphosphatase during C02-assimilation. Inhibition of linear electron flow with 3-(3,4dichlorophenyl)-1,1-dimethylurea prevented light driven increases in both fructose-1,6-bisphosphatase activity and the relative sulfhydryl number. These results provide evidence for the operation of a reductive enzyme activating system in vivo.
Several enzymes within the Calvin cycle (2) display light-modulated behavior (3) which could minimize energy losses in the dark by preventing a futile cycle caused by simultaneous phosphatase and kinase activities. Although stromal pH (15) and Mg2" ion levels (10) are known to affect C02-fixation, a major enzyme activation mechanism appears to involve light-driven reduction of protein disulfide bonds which can be mimicked in vitro with additions of DTT. Previous work with ferredoxin and thioredoxins (16) indicated their participation as endogenous electron carriers between membrane bound PSI and enzymes located within the stromal compartment. Fructose-1,6-bisphosphatase, in particular, has been implicated in the control of net photosynthesis (5, 6, 10) but the matter is clearly open to discussion (7) . Other chloroplast enzymes which exhibit similar activation behavior include sedaheptulose-1,7-bisphosphatase, phosphoribulokinase, malate dehydrogenase, and NADP-glyceraldehyde-3-P-dehydrogenase (3).
Thus, one might expect at least a partial increase in the sulfliydryl content of stromal protein if such a general reductive mechanism were operational in vivo. The following is an account of preliminary attempts to detect this phenomenon in illuminated chloroplasts.
MATERIALS AND METHODS
Intact chloroplasts were isolated from spinach as previously described (13 pl aliquots of chloroplast suspension were lysed in 1.0 ml of 75 mM Tris, 10 mM MgCl2, 1.0 mM EDTA, 1.0 mm fructose-1,6-bis-P, 0.5 mM NADP+, 4 units of glucose-6-P isomerase, and 2 units of glucose-6-P dehydrogenase (pH 8.1).
RESULTS
Figure lb shows that rupture of intact chloroplasts in a medium containing DTNB causes the appearance of an absorbance peak near 412 nm which is characteristic of 2-nitro-5-thiobenzoic acid formed in the reaction with protein sulfhydryls under mildly alkaline conditions (4) . The increased absorbance (Fig. Ic) Comparison with a cysteine standards curve or use of the extinction coefficient E412nm = 13.6 mm-' cm-' (4) gave the results in Table I . Within the Chl range used in this and subsequent experiments, a linear relationship between the number of -SH groups and chloroplast material was observed as long as the titer of sullbydryls was kept below the concentration of DTNB.
Fructose-1,6-bisphosphatase is one of the chloroplast enzymes which displays prominent activity changes with increases in its reduction status or incubation pH. Thus, to separate pH and reductive effects on the enzyme, chloroplasts were lysed in media containing optimal MgCl2 and buffered at pH values covering the range most likely encountered in a stromal compartment (15) . Note that fructose-1,6-bisphosphatase activities ( Fig. 2A) Figure   2A at pH 8.1, one can estimate that less than 5% of the activity could be attributed to either cellular fructose-l,6-bisphosphatase or chloroplastic enzyme released during the isolation procedure and subsequently carried over into the assay.
The above techniques were then applied to light and dark studies of both intact and lysed chloroplast preparations (Table  II) . Soluble protein, released upon osmotic shock, generally increased with chloroplast integrity giving values similar to those reported elsewhere (8). A rise in the level of sulfhydryl groups was also registered for both illuminated or dark samples but the light induced change appeared relatively constant at 50o to 60%o when NH4Cl was present (see values in parentheses). In chloroplasts with active C02-assimilation (i.e. NaHCO3 and catalase present in place of NH4Cl) a change of 40o to 50%o was more commonly observed along with a light modulated increase in fructose-1,6-bisphosphatase rates. Thylakoid preparations exhibited significantly lower levels of released protein while the numbers of sulthydryls were also greatly diminished from those observed with intact chloroplasts. Fructose-1,6-bisphosphatase activity was virtually undetectable. The inclusion of MgCl2 in the thylakoid preparations had only a marginal effect on the amount of protein and may be related to a retention of some ferredoxin when chloroplasts are ruptured in the presence as opposed to absence of MgC12 (12) . Light-driven increases in sulfliydryl content were undctectable for either type of thykaloid preparation within experimental error limits. Evidently, sulfhydryl group availability and fructose-1,6-bisphosphatase activity are associated with a stromal protein fraction. Chloroplast isolation and assay methods for C02-dependent 02 evolution, protein, and fructose-1,6-bisphosphatase (FBPase) were as in "Materials and Methods." Intactness was determined from the rates of uncoupled ferricyanide reduction before and after osmotic shock. Conditions for sulhydryl assays were as in Figure 1 except Photosynthetic induction curves for intat chloroplats. Chloroplasts were incubated in the medium described in "SMaterials and Methods." Samples for sulfhydryl analysis or frc,s-16bisphosphatase (FBPase) activity were withdrawn at the time iniae. A small correcton factor for added catalase (amounting to less than 10% of the total SH groups detected) was applied inI the calculation of chloroplst sulfhydryl groups. The ratc of 02 evolution appear in parentheme as pmol/mg Chlh.
In Figure 3 , the kinetics of sulfhxydryl group appearance and fructose-1,6-bisphosphatase activation are presented along with the time course for photosynthetic 02 evolution. Twhe riw in protein sulfhyychyls paralels the increas in fructose-1,6-bisphosphatase activity during the initial phase of induction when NADP+ regeneration and hence the rate of 02 evolution is low. After several min, 02 evolution rapidly increases, although both the number of sulfhydryl groups and fructose-1,6-bisphosphatase activity reach maximum steady-state values. Chloroplasts poisoned with DCMU displayed no evidence (cf Table III ) for a light-induced increase in either the number of sulflhydryl groups or fructose-1,6-bisphosphatase activity. CONCLUSIONS This study provides evidence for an in vivo increase in the number of available sulfihydryl groups within the stromal protein from illuminated chloroplasts. The increase is kinetically similar to the large slow rise in fructose-1,6-bisphosphatase activity which occurs over several min. By maintaining an optimal assay pH and Mg2+ concentration, potential effects on the enzyme due to rapid shifts in the stromal pH (14, 15) or Mg2+ levels (10), which would occur within the first few seconds of illumination, were held constant. Consequently, the slow activation process may be correlated to an increase in protein sulfhydryls as mediated by the ferredoxin-thioredoxin electron transfer system (3) . Photosynthetic electron transport is a prerequisite for the changes since they are both light driven and sensitive to inhibition by DCMU. It should however be stressed that only a general increase in the number of available sulflhydryl groups was detected. In view of recent in vitro studies of fructose-1,6-bisphosphatase (11), it is apparent that activation of the tetramer by DTT may cause two of the six disulfide bridges to be reduced with a consequent conformational change that allows titration of not four but eight sulfhydryls under nondenaturing conditions. Thus, part of the observed sulfliydryl increase may be due to alterations within proteins rather than to a direct reduction. Quantitative comparisons are additionally complicated by the pool of other light-modulated enzymes which would diminish the fractional sulfliydryl response actually due to fructose-1,6-bisphosphatase. Earlier work with red blood cells (4) indicated that, after acetone treatment, heme oxidations might contribute to an enhanced reduction of protein disulfides and conceivably cause a direct appearance of the colored anion 2-nitro-5-thiobenzoate. Although solvents or denaturing conditions were specifically avoided to minimize this problem, one cannot rule out interactions between DTNB and reduced chloroplast iron proteins such as ferredoxin and the cytochromes. These interactions would appear to be marginal though owing to the weak colorimetric response observed with thylakoid membranes alone (cf . Table II) . Nevertheless, support is provided for earlier suggestions (3) that light activation of select Calvin cycle enzymes may be achieved through a reductive type mechanism in vivo. Further work is in progress to clarify the nature of these apparent sulfhydryl group changes and their relation to enzymic as well as overall photosynthetic activity.
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